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(54) TEMPERATURE COMPENSATED AMPLIFIER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the 
temperature dependency of gain without increasing 
noises and to secure a stable gain in a wide range of 
temperatures by using a 1st power flow having the 
temperature dependency and an amplifier stage including 
a pair of transistors where a common emitter terminal is 
connected to the 1st power flow. 

SOLUTION: This amplifier comprises a 1st power flow 1 
which has the temperature dependency and an amplifier 
stage 2 which inputs the output current lout received 
from the flow 1. If the stage 2 is a differential amplifier, 
the flow 1 is connected to the common emitter terminal 
of a pair of differential transistors. Meanwhile, the flow 1 
is connected to the emitter of an emitter grounded 
transistor if the stage 2 is an emitter grounded amplifier. 
The gain of the differential amplifier or the emitter 
grounded amplifier has the temperature dependency. 
However, the gain temperature characteristics of these 
two amplifiers are eliminated when the current of a 
current source having the temperature dependency is used as the bias current that is supplied 
to the common emitter terminal of the differential transistor pair or the emitter terminal of the 
emitter grounded transistor. 
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0 0, Q 1 0 1 O^a^i^ ry^SHH*, h7Vv^^Q 
ii4(D3i/^^S^:g[I^tL, h7>^^Ql l 

^-lEVou t{4, h 7 >is*9Q 1 0 0, Q 1 0 1 CO 
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[0 0 3 6] h 5 > ^ Q 1 4 4 ^flfttlSi 

cD^-/um»fLi o (t) k-rzt. mm&m$s<Dmm* 

j£ (3) id^LfcJ; 9l:2Io (T) XR10 l/VT 

T-^^tL^o i o (t) ttS: (5) 

G 2 (T) = 2 VT (T) 1 n (N) 
= 21n (N) R 1 0 1 
S (13) ic^£ft5 X o H6(D«fiR(cJ: 9raK# 

[0 0 3 8] <^2(7)MW>i7[t Hlld^LfcJf 

fi, ta*ft#tt£W1-5«SE8Si k LTI24 (a) tc^ 

BS2iUr^5 0 i4 (a) OSSgOtfi^Sflfc I o u 

I o (AT) = M ( 1 -m) I o ( 
/ ( 1 -m) X A T 

Q 1 1 7, Q 1 1 8<D=z$ s/*ffi8UfcT-*>5 0 M ( 1 — 

I o (AT) = I o (To) X (1 
^ (15) IZ&^T. M= 1 , m= 0(Dm&teM6 k W\ 

[0 0 4 0] Z<Dm 7<D\£im<Dmmii$:&sT\Zi&'<Z >0 

2 £ LfcV^^fi, m= 0. 83, M=l. 2<ti~5J: 

*:« ) c ::t^l : 1. 2CD h^v^^SrHgi. 

I o (AT) =M ( 1 -m) I o ( 
/ (1 -m) X AT 
S (16) IC*5^T, ^SToO<!:# I o (To) kt 

z>£ ? {cnm^r z> t . m (i-m) = i zmtz-tz ? \z 

I o (AT) = I o (To) X (l 
[0 0 4 3] <JS4 0>ftfr0!l>B i a>i»«gt2a.mw9 

[0 0 4 4] 12 9 11. HI 1 (Ctt: L7ttfiH§ffO^ 4 
TO 3 (a) t£*Lfc«iffi«£ffll\ *S*S© 2 Sr h 7 > 



ftSflVC* ilIbti*IS<D*iJ*#G 2 (T) tt8c5CT*$lx 
[0 0 3 7] 

R 1 0 1 / (R 1 1 2 X VT (T) ) 
/R 112 (13) 

t *S*9tt!i-fc#(c % h7>^^Ql 15, Ql 16 

7^^117, Ql l 8l:j:^^uy h^7~0 

[0 0 3 9] 12^ l/y h ^ 7-lHJSS^joV>Tfi, ft 

SttA^fflio h 7 q i i 7K5£ (id -e^sti 

STOEj&SflEix. m^tiJ^7{R'](7) h^Vv^^Q 1 18^b 

To) X (1 + (l - r ) 

/To) (14) 

m) = ittSi, *t (14) ht«T<aj; 

+ M (1-r) X AT/To) (l 5) 

[0 04 1] <«3^fr«>El8tt % [UliC^Lfcig 

♦B«ojR3coAtt:eijs:^'ripiKia-es>5o ^^it^-e 

3§Sr*t*ga2 t LTV>3 0 125 (a) <D[s\&<Dttit}mM 
lout SrK 9 tij~ttc£>[Z* b*7>&x*Q 1 1 5, Q 
l l 6l;J:5»i co^7 u> h s ^-lEJK^RJt^tL, $ 

bl:F7^^^Ql 1 7, Q 1 1 8 \Z&Z% U> h ^ 
[0 0 4 2] byfisXfQ 1 1 8 

To) X ( 1 + k) 

/To) (1 6) 

M, m&&fetZ>£iftfr))Ufr2> a :^i^ggIou 
t (AT) (= I o (AT) 14, »a-CS*il5. 

+ M k X A T/T o ) (20) 

tfCR 1 0 1 K'ML, F7y^^Q100Wx> y 
**£mc h^v^^Q 1 1 4 <t3SSKa*ffl0^r^/^> 
*C 1 0 OSratMUlSttLTV**. iaK«#tt*#-T5 
IffilULT, H4 (a) *fcttH5 (a) coSSS^r 
ffl ^ r a: ^ y 5 SUSig*!^ Sr mm L T t i ^ r £ tt v ^ 5 

[0 0 4 5] *38MSrpraC3pJ»*t*B»l-iifflLfc 

(* 2 o3tifi*ffi) ui od, *&w<Dm2<Dmmi&m 
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*I81 3<D-*OAAi:»«3ix5. JR 1 «>«I*M*P 
lEVxIitE-lgfWl 2(aoTcVx (c 

^5pJ»»J»«SIE i cnt (T) asajj^ix, r*i#fM«i 
fS***Hltt l 4 \z «fc 0 £ 2 ttfUfflMWIEEV y Kg* 

[0 0 4 6] Mtt«it«oJ:9ftftlftaA«S^43»t« 

fc*as$«*iei»-cii i f (tiHjaftft) 

S*u wOpr*SBlfWl*»teJ:9 I F{§ 
fc, iS*«^-BB«*ai»&ixTi^SCDMA 

3 fc** ^ I FaoprSe*iJ#it«»M:7 0 d 

[0 0 4 7] -ttu:, ^<D£o fe&ttBOftftfMtttrfT 

fiJ»*i«»-C«l «»»JW§*^» LTJiftHftfilcfi 

[0 0 4 8] J: frtf* £ l G>*J»fM«tflE 

Vx«i#L-C»»BB*ttJc*iJ#jBiJ«nt*»i 5©fl« 

[0 04 91 OT, 0 1 0O*ffi<a^f4^JlCO^TR9! 

ta. *1\ a**#ttSr*i-a««»i i £ urn 

(a) , 114 (a) . 05 (a) COV iXOlnl&SrJE^ 
5:iWl-efc5#, EJLTORWT?ttH3 (a) 

[0050] Hi HI Hi 0(c*3*tSfKJE-mat2E* 
DRl 2 0**«jftHII«*:«L-Ci^6. wOBfcll 

F7y^^^Q20, Q21, ^ 3^«ift«ttR 2 0 
itii^tSIi 2 0, I 2 1 A»e>*S*«ilH«S4:. 1*7 
>^^Q22, Q 2 3 :fo <£ t/Sta R 2 0 , R2H^ 

[0 0 5 1 ] £ 1 03FU»W»«£E V x 11 ^fblD&So- 
*co h 7 v v?^ ^ Q 2 1 ^-^S^C^-x bil, 
<D h7>^^Q2 OO^ 

I CNT (T) =1 (T) Vx/V x 
= a 1 n (N) [VT 
X [V x/V x m a 
11311 Hi 0»CfcJt*»J»«»aC*S»l 4t«» 
»J»*«»1 5<0-ffi*ftttWfc*LT^5o »JW«# 



Q2 0<D=* u^^^SSSrA^mSKi: LT h7^^^Q 

2 2T*gll h7yi/7^Q23(03^^»W5)« 

At«ttVx/R2 0i:i6{lTl5t^ £gt c (i c = 
1/R 2 0 i:iS{^T*#5o 

[00 5 21 11 2(1110 Z>mW%5 1 3 coflr 

refill eiV c c tiih7>^^^Mt 
^)h7^^Ql0 ( Q 1 1 O^iim ;^ ^(C^ 
^£*i5 0 h^V^^^QlO^r'U'^^lf^:^-^ 

ifcc ^ii:/:ifficv x ^4n 
pr*«aEansr^LT«**ixa. h7^^Qii^ 

^^*?liS*«EI!VBB ii:jKttSjx, = 

[0 0 5 3] «a«ftfftt«r*i-««flE«I (T) II « 

**Q12, Q 1 3(7)*il^^ y*$fol-\zmm£ftZ>o 
h^^i/^fQ 1 3(^3 U^^Sg^li h7 y-^^Q 1 
4, Q 1 5 ir&t/tR 1 0, R 1 1 frhKZ # U-> h ^ 9 

^^Ql 0^<*-^«^|cSaSh5o h7Vv>** 
Q 1 2 <&^— *a8^liSi|S«JEIgV B B 1 ft* 

= i^*ffi^i*gifS;*ft5 0 ^ ^> h ^ ^-sssom^ 

- ra»fc#J?#»J»«8fc I C NT (T) frtitflZtlZo 

[0054] ^astfeffttSrW-rsmsEas i (t) ii 0 

3 (a) OIslKA^a**ix5«SSl ou to£S6o 
Sifi a VT • in (N) /R 112 %:M-tVMM^i> 
Z>o A*oJBl03fiJ»Mmi«ffiVxco**{iS:V 
x m a x <ti-5 <b , I r e f 1 Idttc V x m a x (DMM 

[0 0 5 5] ~OE]BK:fc>^-E\ h7>'^^^Ql 0IC 
li^SEag I r e f 1 <£>^lfl?E cVxma x<D?h. Mftt c 

vx^jgn^i^ra^^nTv^c h7^^Q i 

0, Q 1 1 <D^<— ^t^^mcom.EEt h?^i/*?Q 1 
2, Q 1 3^- ^5g^P B ^om/Eli^Ll^cfe, K9>- 
^^Q12, Q 1 3^b^-5^ib[Hl8S<D=i U-^ ZMM 
t I (T) WicVx/cVxmax^W, 
T, F7>"^^Q 1 3 con ^^T-tci^ffiSg I 

(T) Vx/Vxma xasgfcftsrtlwfcSo F7>v 
^fQ14, Q 1 5 £ }St?t R10, R11H45*^ 

> b ^ 9-®&<Dmti&w&& 1 1 Lti^, as^sss i 

CNT (T) l*«TO±5(-*5o 
[0 0 5 6] 

max, 

(T) /R 112] 

x] (1 8) 

^mieiK i 4 cm h i ox-mx istcx o icm 1 <£>*u» 

$iJ^mJEVx^mEE-m^^^[H}^l 2i:iO«»Lfc 
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[0 0 5 7] Hi 3(d*5V>T, « 1 <D F7^^Q2 

Jg#LR<Z>ft!l«B£SS 2<D h7>^^Q2 1 <D*< 

*IJ»»JW«*I CNT (=kVx) 3&S«»*ix 

[0 0 5 8] h 7 > ^ Q 2 1 Ox ^ y ^Sf lift* 
StL, ='l/^^Si L |j:h7y^^Q2 2, Q23^i 

Wrio, r i i frhta&ij v s m»(om 

SfEA**^ ( h^Vv^^Q 2 2<ZV<— *aS^*5£tf = 

So 

[0 0 5 9] flJ^MftttX I CNT(i x MH«4HEftls] 
Kl 4i:iot*2©«1WJWEVy tc^&Six, g 

Ql, Q20^<-^a8^ra^A*Sn5o C*xlc:J:?>h 



[0 0 6 0] zcnmitZBlW'tZt, mi 3}c^{t^*U 

»»J»«SKI CNTtLT. ^**l©fiJ»»J»«JE« 
-^-V x SrSE-Sgg^ L fcmsS k V x riSfiEJxS t -fix 
tf, hy >i?x*Q 2 0 0^- * . ^ y?mmj£\*v 

B E XfoZ><DizM L-s h7>y^^Q 2 1 C0^<— ^ • jr. 
^y^PfltEliVBE-RkVxi45 0 fflot, V =7 
y^^Q20(OnU^^lilo(j:Is-exp (V 
BE/VT) , F7V'^^Q2 lW^U^SSl 1 
ill s • exp ( (VBE-RkVx) / VT) = I o 

• e x p (-R kVx/VT) t*£Z> 0 

{0 0 6 1 ] h7^^Q2 103l/^^t»I 1 
tt, h7^^^^Q22 ( Q2 3£R10, Rll^b 

^^Q20^3 U-^^SSt I o ctQ 1 0 f^Wi 
I l^itffil o-I l#8Wx3 0 ^oT, %2(OW^ 

[0 0 6 2] 



In ( I 1/ I s ) 



Vy = VBEqu-VBEqio 

-VT - In ( (Io-Il) /Is) -VT 
= VT - In ((Io/ID-I) 

= VT- In (exp (RkVx/VT) -1) (19) 

zmmmmMisi $<dw&. o* 9 1 s i g*^ i a^eiHsii, ^r^fa^n^o 

Ia/Isig = l/(l + exp (Vy/VT) ) (2 0) 

S(19) t* (20) ^5), I a/ I s i gf2&5££ 

Ia/Isig=l/(l + exp (VT/ VT • 1 n 
(exp (RkVx/VT) -1) ) 
= 1/ (1 + exp (RkVx/VT) -1) 
= l/exp (RkVx/VT) 

= exp (-RkVx/VT) (2 1) 

[0 0 6 4] J: * t , *fttt#tt«rf»o*iJ 

WMHICNT (T) «r(HfMS #K«USIII l 4 ICA 

[0 0 6 5] 3\ ftftMffiHtflEfr I CNT (T) = k • 

(2 2) 

[0 0 6 6] 

(-R k V x/VT) 
(-R • a • 1 n (N) 



* (2 1) ttf: (2 0) SrltifcLT#ri>5J;5t;: 

fs*acifttHi» i 4&m\<*z>zkx\ mt&mizmt-rzn 
i *>#j»M»«flE v x ten Lxw&&m&m%cw>\zmt 

[0 0 6 3] il 411, *HJ#8ifli»^8f£ I CNT*l|ft 
^ttSr^Tt^^S^omiOfiJ^SIfflimEEVx (V) [z 

-To mi 4i6£r3#: (21) d*e>»*»5J:5^ ja«ic 

k = a • 1 n (N) /V x m a x [VT (T) /R 112] 
(2 2) (2 1) dftA-TScb, ^^(C^^ 

Ia/Isig=exp 
= e x p 
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/Vxma x [VT (T) /Rl 12] Vx/VT (T) ) 
= e x p (- a • 1 n (N) (R/R 112) 

• (V x/V xm a x) ) (2 3) 



rrT% 3S (2 3) (^*DV^ttia««#ttSr*i-||*i: 
It, (R, R l l 2) a«*SHTi*6#, fefit 

[0067] r<7)J:9 «c* pT«fiJ#it«»^ 
itttf, »10fiJ»»J»«EEVxlc»LTW»SraW[BB 

[0068] ($3 (ommmm) m 1 5 14, *mw(om 

WlffiiCNTO (=k0-vx) £r&Kl-<&#-*-5 
^O^e><CS*U»»J»««ECNT 1 (T) S:JP*i- 

[0 0 6 91 115 (C^T, i&K«#ttSr*ri-a««E 
12 Hi, JMC<k#tt*:*i-8«»«»«>*«rtH*-r5 

«8Ka5~c*>!K ~ ose^^2 1 ^b^aa^iist 1 o u t 

^mBEVx(4. «EE-ttSS^»lH]SSi 2i:iot c v x 
(cttjfctt) *S««^«»S*tfc». JRlMIl 3 01 

i"5J«»0*A»feft5«#»J»**I CNT1 (T) 7)5 

[0070] a**#tt«>*v^«8ea[2 2*»ttt 

A*K:tt«3*L5. *10*JfMiJ«l«ffiVxW:«8IE-« 
3fcfcfM&Siv r<o«E-«««SWE]» 
2 3l:J:9««i:«»iSiifcft, 2 4 <Dtitfj(D A 

f«J*i#J»«Stt I CNT0 = k o • Vx^ai^SttSo 

[0071] Kirsi 3*»&m*3*xai&«iw«#-*-* 

rit^*36»6ft6*J»fftHBI«StI CNT 1 (T) fc, * 
I CNT0t«JHlJMl2 SKiOJJDg^tU r&Jt<£#tt 



**t5«lWIMItICNT (T) Clx*W 
[0 0 7 2] il 6(1 11 5(w*3Jt5ffiS«#tt** 

-rs«aaR2 1 tmw&i 3os^w^^ m 

■A*#tto4i^««HI2 2tt, a:* y JH 

@8&flWcf4, [HI 2 (a) OEIKiriai 2 (a) OlUSS 
^<H±SrSeU^lHSSSr2offlv>T«^c$tuTV^o -t 
n^nottS^J^ h7^^^Q3 5(03 *«m3«fc 

y^^Q35, Q4 i<a=u**ffi^&#ffltgtt^* 

mss i cnt i (t) as»5>n5a 

[0 0 7 3] fttffiK 131, I 3 4 14, HI 1 5 (Dflffi- 
VAEKIftlsIISl 2 0ffl**«jc«srs«a«*#*^>* 
t ^HJftMmft c V x }&S8EjL5«SttJST*fc 9 s *o«flt 
{ill4c V x m a x {-Ix^^H^o 

[0 0 7 4] ?a*«#ttSr*ri-«)«SIEK I 3 0 (T) 
14, 04 (a) £fcl4l5 (a) fc* LfcHft&ffiU^T 

^m^is ( c ) jc«i-j:5«cna*To 

ADU ToBTlcfcv^T«:«j««i0i:ft4J:9«-KSS 

[0 0 7 5] 3 5 (T) (4. 14 (a) £/cl4 

15 (a) l£^L)t[HlK£ffl^T«fi££*L, -t<£>«SEl* 
15 (c) (C^UTSW^#tt^^t-J:9(CS^^tL 
5 C f*fc*>. ?SST o(d^5t>Tmto5 0 fcfcO. To 

K±ja«3fts±# Ly u c®^(4m»E^ o t & 9 , t o j^ti- 

[0 0 7 6] Scl^ 116 oEJttoftft^o^TtfcW^ 
£ 0 h7>"^^Q4 lO=u^^liiSl04i(4, JfeS 



I 041 (T) =13 5 (T) Vx/Vxma x 

= d • 1 n (N) [VT (T) /R 1 1 2 (T) -VT (To) / 



R 1 1 2 (To)] V x/V x m a x 
= 0 

di4^iST*fo5o 

[0 0 7 7] VT (T) =VT (AT) =VT (To) 
[ 1 + AT/T0] <t*U R112 (T) =R112 
(AT) =R112 (To) [l + rAT/To] t i£ 
I 041 (T) = I 041 (AT) 

= d • In (N) VT (To) /R112 (To) 
X ( (1-r) AT/To) Vx/Vxmax 



; T^T o 

; T < T o (2 4) 

U-TZk. * (2 4) OT^ToCD^I4J^TC0J:9^ 

[0 0 7 8] 



(2 5) 



(11) 
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I 035 (T) = I Q35 (AT) 

= 0 ; T^To 

= d • 1 n (N) VT (To) /R 1 1 2 (To) x ( (l - 
r) AT/To) Vx/Vxmax ;T<To (26) 

ICNT1 (T) = ICNT1 (AT) it. I 041 (A 
T) <b I Q35 (AT) <omMX~hZ<DX\ &>T<D£?iZ 

I CNT 1 (AT) = I Q4i (AT) - I 035 (AT) 

= d • 1 n (N) VT (To) /R 1 1 2 (To) 
X ( (l-r) AT/To) Vx/Vxmax 
= k 1 (AT) Vx (2 7) 

rr-C\ k 1 (AT) =d- In (N) VT (To)/ a xRt ID 1 5 <D 1 CNT (T) « £XT<D±?{Z. 

Rl 1 2 (To) X ( (l-r) AT/To) /Vxm fc5 D 

ICNT (T) =ICNT0+ICNT1 (T) 
= (kO + kl (AT)) Vx 

= k0 (1+kl (AT)/k0) Vx (28) 
HI 3-C^Lfc*lJ»IW»itB».l 5<OflJ»I a/ T) =R (To) [HrAT/To] tififi-*-*£* 
I s i g|i, e xp (-k (T) RVx/VT (T) ) ftjft I a /I s i g rtCJIT© J: 9^ififi-C# 6. 

<t^£*l£ 0 VT (T) =VT (AT) =VT [00 7 9] 

(To) [1 + AT/To] £3cU R (T) =R (A 
I a/ I s i g (AT) 

= exp (-k (AT) / (1 + (l-r) AT/To) 

X [R (To) /VT (To) ] XVx) (29) 
* (28) iBl3S:it«S«i, k (AT) T/To) =f (AT) liHTOJ:5i:45. 

ttk 0 (1+kl (AT) /k 0) ^tr^C/^o [0 0 8 0 J 

t£oT, it (29) Ok (AT) / (1+ (l-r) A 

f (AT) =k 0 (1+kl (AT) /k 0) 
/ (1+ (l-r) AT/To) 
= k 0 ( 1 4- d • In (N) VT (T o) 
/R 1 1 2 (To) X ( (l-r) AT/To) 
/ (k0-Vxmax) ) / (1 + (l-r) AT/To) 
= k0 (1+ (l-r) AT/To) 
/ (1 + (l-r) AT/To) 

= k0 (30) 
d • 1 n (N) VT (To) /R 1 1 2 (T 3 0 
o) / (kOVxmax) = 1 £ Lfc D it ( 3 0 ) £ 9 [0081] 
5C (2 9) Itt (3 1) i:*f9, iSSCftSli^nlf 
I a/ I s i g (AT) 

= exp (-k0 [R (To) /VT (To) ] XVx) (31) 

[(IffiOffi^fj^] 

[(Hi ] .1 0HlfiJ&«8«c«SJR«*tflt*16 

^>K¥irix^y 7z U^BKfcit/Wi d 1 a r© 
[H3] K^^y^y^r i^*EJ!&a>ibfflftft 



[0 0 8 2] 

K^r^r yZf'J 7 y ^>*Ie]&^W i d 1 a r <£> 
^^^^^^o^ii^^ s/**SHr\ *fctt^5 y^ftlfi 

[0 0 8 3] $<bl^ ^la^t, «JftfHttU««l« 



(12) 



^12000-244250 



*5 X If* CD rSgiftte £ ^-n 

[14] K=¥-r 77 UV^IsJSg^lbifi-Ktfe 

m*3 <t if* co?a^#tt ar^-ria 

[15] Wi d 1 a rE!Si>f)i£gtt#Mtt51 

faz&v oii-m.ffiM?>—m&^i-\Eid&mi$£if*<Dug. 
[16 ] mm&Mm\zmzmm&<om i ©iwiir* 

[12 8] I^HlSJgffi{c#.5*i*Iti(ir)^3(DA«£CiJSr^ 

-riuggi 

[19] mmi&Mm\z&z>mi>a&<om4<oM:&M*y* 

[110] **W©SS2 ©IM»«K«5 TOPJflMI 
[111] W3ll6JB*8K*J»timiE-«aEaE*lBlKw 

[iai2] mmttzi&mz&i-tzm&i&oMcteM&m-t 



[114] ftXJttgftgfCttS^Kftlfeif «8«>»«*i 

in 5] *$8bj<dsr 3 commBm^&z-simmm 

«*<0«»«*Sr*i-y n s/ ? HI 
[Hll 6] raj*«««8fcft«t5SJ»©Afls««:*1"BI 
[H117] ^WiaSftffttOT^^mtblUgSifcitJ 5 

[<?t©jBlW] 



11" 

1 2 • 
13- 

1 4- 
15- 

2 1- 
2 2- 
2 3 
2 4- 
2 5- 



»j*p«*aaftiai& 

«ffi-«StaE*lllK 



[113] 3ft«5^IS(^*3(t S IW»fflr*««MHlK*3 J: 



[mi] 




1 




2 








MS 


lout 


mmm 





[12] 




(a) 



(b) 



Vout 



[03] 



[14] 




lout 



0114 



R110-R112 



lout 




(a) 



T0=300K TMP(K) 
(b) 




^0117 



lout 









to" 







TO-300K TMP{K) 
(b> 
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(14) 
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5J066 AA01 


AA12 


AA43 


AA59 


CA02 


CA43 


CA82 


FA05 


FA08 


FA 10 


HA02 


HA25 


KA02 


KA05 


KA08 


KA09 


KA10 


KA12 


KA26 


KA27 


KA47 


MA19 


MA21 


MD05 


ND04 


ND22 


ND24 


ND28 


PD02 


SA01 


TA01 


TA04 








5J090 AA01 


AA12 


AA43 


AA59 


CA02 


CA43 


CA82 


CN02 


FA05 


FA08 


FA10 


FN06 


FN09 


HA02 


HA25 


HN03 


HN04 


KA02 


KA05 


KA08 


KA09 


KA10 


KA12 


KA26 


KA27 


KA47 


MA19 


MA21 


SA01 


TA01 


TA04 











